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^ ■ Context. Fossil groups are dominated by a bright galaxy, and their luminosity functions show an absence within half the virial radius of galaxies 

■ brighter than the central galaxy magnitude +2. They are nevertheless massive with an extended X-ray halo. The formation and evolution of 
, these structures is still widely debated. 

■ Aims. To better understand the origin of these structures, it is crucial to study their faint galaxy population, as well as their large-scale environ- 
^Nj ' ment, to determine in particular whether they are isolated or not. 

. Methods. We collected multiband imaging and spectroscopy for two fossil groups (RX Jl 1 19.7-1-2126 and IRXS J235814.4-)-150524) and 

■ one normal group (associated with NGC 6034). We computed photometric redshifts in the central zones of each group, combining previous 
I data with the SDSS five-band data. For each group we investigated the red sequence (RS) of the color-magnitude relation and computed the 

■ luminosity functions, stellar population ages and distributions of the group members. Spectroscopy allowed us to investigate the large-scale 
IL" ■ surroundings of these groups and the substructure levels in IRXS J2358 14.4+ 150524 and NGC 6034. 

, Results. The large-scale environment of IRXS J2358 14.4-1- 150524 is poor, though its galaxy density map shows a clear signature of the 

■ surrounding cosmic web. RX Jl 1 19.7-1-2126 appears to be very isolated, while the cosmic environment of NGC 6034 is very rich. At the 
5_j ' group scale, IRXS J2358 14.4-1- 150524 shows no substructure. Galaxies with recent stellar populations seem preferentially located in the group 

, outskirts. A red sequence is discernable for all three groups in a color-magnitude diagram. The luminosity functions based on photometric 
redshift selection and on statistical background subtraction have comparable shapes, and agree with the few points obtained from spectroscopic 
redshifts. These luminosity functions show the expected dip between first and second brightest galaxies for the fossil groups only. Their shape 
is also regular and relatively flat at faint magnitudes down to the completeness level for RX Jl 1 19.7-1-2126 and NGC 6034, while there is a 
clear lack of faint galaxies for IRXS J235814.4-I-150524. The faint parts of the luminosity functions appear dominantly populated by late-type 
galaxies. 

Conclusions. RX Jl 1 19.7+2126 is definitely classified as a fossil group; IRXS J2358 14.4+ 150524 also has properties very close to those of a 
fossil group, while we confirm that NGC 6034 is a normal group. 

Key words, galaxies: groups: individual 



Send offprint requests to: C. Adami e-mail: 
christophe . adami@oamp . fr 

* Based on observations made at Observatoire de Haute Provence 
(CNRS), France, at Asiago Observatory (Italy), at TNG (La Palma, 



Spain), and with ESO Telescopes at the La Silla Observatory under 
programme ID 082.A-0374. Also based on the use of the NASA/IPAC 
Extragalactic Database (NED) which is operated by the Jet Propulsion 
Laboratory, California Institute of Technology, under contract with 



2 



Adami et al.: Comparison of the properties of two fossil groups of galaxies with the normal group NGC 6034 



1. Introduction 

The galaxy population of a fossil group is dominated by a gi- 
ant elliptical (D) galaxy and includes in addition only galax- 
ies at least two magnitudes fainter than D following the defi- 
nition of Jones et al. (2003, see also Proctor et al. 2011 for a 
less stringent definition). These structures have been discov- 
ered only quite recently in the late 90s, concomitantly with 
the arrival of large-scale X-ray surveys (see e.g. Adami et al. 
2011 for a recent catalogue of X-ray structures including a 
group of galaxies very close to the fossil group status). This 
is because in the optical only, fossil group X-ray halos are not 
a-priori detectable. The galaxy population of fossil groups is 
quite different from normal galaxy groups of similar mass, at 
least as far as the bright end of the galaxy luminosity function 
is concerned (because of the lack of galaxies in the first two 
magnitude bins of the luminosity functions) and the origin of 
these structures is still widely debated. They could result from 
originally truncated galaxy luminosity functions (Mulchaey & 
Zabludoff 1999), or be galaxy structures that have been depop- 
ulated in terms of galaxies by merging processes (e.g. Cypriano 
et al. 2006). We also refer the reader to the recent paper by 
Proctor et al. (2011), which could lead to a new vision of the 
fossil systems formation and evolution. 

To better understand the origin of these fossil structures, 
it is therefore crucial to study their faint galaxy populations. 
This is a demanding task because even for nearby objects 
the galaxies considered are often fainter than Rc~20. This re- 
quires large telescopes to achieve spectroscopy (e.g. Lopes de 
Oliveira et al. 2010 and references therein), though deep imag- 
ing can be performed with smaller telescopes (e.g. Adami et 
al. 2007b). It is also important to study the large-scale envi- 
ronment of these structures to determine whether they are iso- 
lated or not. This is also a diflicult task because it requires spec- 
troscopic samples of bright galaxies on typical scales of -100 
deg^. The very low surface density of these targets makes the 
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large multi-spectrographs quite inefficient and we can use in- 
stead single-slit instruments on small telescopes to complete 
the bright spectroscopic catalogs already available, such as the 
Sloan DigitaHzed Sky Survey (SDSS). 

We chose a triple approach, using small telescopes (2m 
class) to obtain very large field spectroscopic samples of 
bright galaxies in the group surroundings, and direct, rela- 
tively deep imaging of the groups themselves (typically in 
one virial radius), and larger telescopes (4m class) to ob- 
tain deep spectroscopy of faint group galaxy members. Our 
targets are two fossil groups (RX Jl 1 19.7H-2126 and IRXS 
J235814.4H- 150524) and one normal group (associated with 
NGC 6034, which we will call in the following NGC 6034 for 
simplicity). These data will allow us to compare the behaviors 
of these two different classes of structures in a homogeneous 
way. 

Section 2 describes our data sets. Section 3 deals with 
the nature of the considered groups. Section 4 describes the 
large-scale environment of IRXS J235814.4+150524. Section 
5 gives details on the small-scale behavior of the groups (in- 
cluding color-magnitude relations and galaxy luminosity func- 
tions). Finally Section 6 is the summary. 

Throughout the paper we assume Ho = 71 km s"' Mpc"', 
O„,=0.27, and Qa=0.73 (Dunkley et al. 2009). All magnitudes 
are given in the AB system. 

2. Sample, observations, and data characteristics 

We selected twostructures among the known fossil groups (FG 
hereafter). We akeady dedicated an article to the first one 
(Adami et al. 2007b on RX Jl 1 19.7-H2126.7) and we present 
additional extensive imaging in the present work. The second 
group (IRXS J2358 14.4+ 150524) was selected to be one of the 
most distant known FGs (z~0.17, Santos et al. 2007, but see 
also the z~0.6 structure of Ulmer et al. 2005, close to the fossil 
group status). The third selected target is the group of galax- 
ies associated with NGC 6034. It was originally presented as 
a FG by Yoshioka et al. (2004), but Lopes de Oliveira et al. 
(2010) showed that this group was in fact a normal group of 
galaxies, and we confirm this in the present work. This struc- 
ture is very nearby, so we can sample its galaxy populations 
down to relatively deep absolute magnitudes even with small 
telescopes. These three groups are sampled by SDSS photom- 
etry and spectroscopic redshifts. We give their main character- 
istics in Table [1]. 

The main goals of the present work are to study their 
faint galaxy populations through spectroscopy and photomet- 
ric redshifts and to sample the large-scale environment of these 
groups. We therefore collected PI observations completed by 
archive data as described in the following. 

2.1. Spectroscopic data 

We first compiled/reduced public Nasa Extragalactic Database 
(NED) and TNG (Telescopio Nazionale Galileo) spectroscopic 
data in the regions defined below for the three groups of the 
sample, and then we performed additional spectroscopy with 
various telescopes. 
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Table 1. Main characteristics of the three studied groups: name, coordinates, redshift, bolometric X-ray luminosity (in units 
of 10"*^ erg s~') from Lopes de Oliveira (2010), Jones et al. (2003), and Santos et al. (2007) respectively, converted to the 
presently adopted cosmology and to bolometric values when needed using web PIMMS, optical R-band total luminosity, velocity 
dispersion, virial radius, and covered area (in percentage of the virial radius) by the imaging data. 



Name 


RA 


DEC 


z 




Rlum. 


Vel. disp. 


virial rad. 


Radial sampling 




(J2000.0) 


(J2000.0) 




lO**- erg/s 


10" LO 


km/s 


Mpc 


% virial rad. 


RX J1119.7+2126 


Ilhl9min43.7s 


+21deg26'50" 


0.061 


0.84 


0.8 


294 


0.72 


56% 


IRXS J235814.4+150524 


23h58minl4.4s 


+15deg05'24" 


0.178 


14.02 


3.2 


254/578 


0.58/1.31 


>76% 


NGC 6034 


16h03min32.1s 


+ 17degir55" 


0.034 


13.88 


3.1 


297 


0.71 


56% 



2.1 .1 . Spectroscopy of bright galaxies 



As already mentioned, the isolation level of a fossil group from 
the cosmic web is a key element to constrain its origin. We have 
shown in Adami et al. (2007b) that given the field luminosity 
function at low redshift, the probability is low to have a galaxy 
brighter than the dominant fossil group galaxy in the surround- 
ing cosmic web portions unless a massive galaxy structure is 
present in the region. In other words, if there is no galaxy 
brighter than the fossil group dominant galaxy in a given cos- 
mological volume, the fossil group is likely to be the dominant 
structure of this volume. Since fossil groups are relatively mi- 
nor structures, if they are the dominant structures of a given 
volume, this volume is also likely to be relatively poorly pop- 
ulated. This kind of study was already conducted by Adami et 
al. (2007b) for RX Jll 19.7+2126 and for NGC 6034 by Lopes 
de Oliveira (2010). 



In the present work we searched for galaxies brighter than 
the dominant galaxy of IRXS J2358 14.4+ 150524 (r' = 16.3) in 
a 5x5 deg- area around the group. This roughly corresponds 
to a 50x50 Mpc^ area, which agrees well with the maximum 
size of the known voids (Hoyle & Vogeley 2004). To per- 
form this search, we selected all objects classified as galax- 
ies in the quoted area from the SDSS that are brighter than 
r' = 16.3, and do not have a known spectroscopic redshift. We 
visually inspected all selected objects to remove obvious sat- 
urated stars and finally had a list of 18 galaxies. Given the 
magnitudes of these objects, we used 2m class telescopes to 
observe them spectroscopically. Specifically, we made obser- 
vations with the CARELEC instrument mounted on the 1 .93m 
telescope at OHP in 2007 and 2008, and with the Boiler & 
Chivens and AFOSC instruments mounted on the 1.22m and 
1.8m telescopes of the Asiago observatory in 2007. We suc- 
cessfully measured redshifts for 16 of the 18 targets and not 
for all of them because of time limitations. The exposure times 
and new redshifts acquired are listed in Table lA.2l and we show 
an example of these 16 spectra in the appendix (see Fig. lA.lb . 
Data reductions were made with the MIDAS-based tool that 
was already described in Adami et al. (1998). Redshifts were 
measured with the EZ tool (Garilli et al. 2010) and dedicated 
MIDAS routines. 



2.1 .2. Spectroscopy of faint galaxies 

When considering fossil groups, the two magnitude gap be- 
tween the brightest and the second brightest galaxy makes any 
spectroscopic follow up of the faint galaxy populations diffi- 
cult. 2m class telescopes are therefore inefficient for this task, 
which is better achievable with classical multiobject spectro- 
graphs mounted on 4m class telescopes. Their relatively small 
field of view is also well-adapted to the typical size of groups 
in the redshift range of interest, typically a few arcminutes on 
the sky. 

We observed IRXS J235814.4+150524 and RX 
Jll 19.7+2126 using the NTT/EFOSC2 (ID 082.A-0374) 
and the TNG/Dolores (2008B: CAT-9) spectrographs in 
2008. The details of the observations are given in Table |2l 
The same table also gives details about the data that we 
collected from the TNG archive facility and reduced for IRXS 
J235814.4+150524 and RX Jll 19.7+2126. 

The NTT and TNG data reductions were made with the 
MIDAS-based tool that was already described in Adami et al. 
(1998). Combining the resulting redshifts with those from the 
NED database, we ended up with catalogs of 43 and 32 red- 
shifts for the IRXS J2358 14.4+ 150524 and RX Jl 1 19.7+2126 
lines of sight, respectively. 

Given the sometimes limited signal-to-noise ratio of the 
All TAC-27 spectra (S/N<3), we were forced to smooth the 
data for the considered galaxies. We note that redshifts were 
measured with the EZ tool (Garilli et al. 2010) and dedi- 
cated MIDAS routines. To assess the quality of our redshift 
measurements, we also checked that multiple measurements 
of the same galaxies were giving similar results. Merging the 
galaxy sample spectroscopically measured several times in the 
PI spectroscopic runs (4 galaxies) and the remeasured litera- 
ture galaxies with a known spectroscopic redshift (11 galax- 
ies), we produced Fig.[I] Despite the low numbers involved, it 
appears that our measurements are quite secure with the excep- 
tion of one galaxy that presents two clearly discrepant redshift 
measurements (not shown in Fig.[T]i. This galaxy is found at a 
0.4937 redshift in the TNG data, while literature gives a value 
of 0.4460. The difference arises because the literature value is 
placing different lines in real absorption features compared to 
our measurement. In ffie literature the presence of H&K, Hd, 
and Hj6 was only assumed, while we are able to fit H&K, Hd, 
G band, Hy, and H/3 in real absorption features. We are there- 
fore assuming our value as the real redshift. 
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Table 2. Spectroscopic observations. Col. 1: group name; col. 2: instrument; col. 3: exposure time per mask; col. 4: grism; col. 5: 
allocation number. The two first lines are our own observations. The following lines are archive data. 



Name 


Instrument 


Exp. time 

(s) 


Grism 


allocation 


IRXS J235814.4+150524 
RXJll 19.7+2126 


ESO/NTT/EFOSC2 
TNG/Dolores 


2400 
2400 


GR6 
LR-R 


082.A-0374 
A18 CAT-9 


IRXS J235814.4+ 150524 
RXJl 119.7+2126 


TNG/Dolores 
TNG/Dolores 


3600 

1350/5400/7200 


LR-B 
MR-B 


A18 TAC-27 
All TAC-27 



■■•■■■■•■■I 



Fig. 1. Redshift difference between multiple redshift measure- 
ments as a function of redshift. The horizontal dotted line rep- 
resents the zero difference. 



Three other galaxies (identified in Table ??) also present 
slightly different redshift measurements in Fig. [T] that are on 
the order of 0.01. 

- For the first one (z=0.1471 or 0.15539), the Uterature 
value is mainly based on the NaD line, and only offers a poor 
fit of the H&K lines. Our spectrum unambiguous shows these 
H&K Hnes and leads to a redshift of 0. 147 1 . 

- The second one (z=0.1775 or 0.18900) offers two possi- 
bilities to fit the H&K lines. Because the NTT spectrum has a 
clearly poorer S/N, we preferred the redshift value based on the 
TNG spectrum (z=0.1775). 

- The third one (z=0.1745 or 0.1793) is also based on a 
low S/N NTT spectrum and we preferred the TNG-based value 
of 0.1745. The difference in redshift arises because we may 
fitted the G band and Hy instead of H&K into a real double 
absorption line feature. 

In conclusion we computed a Icr mean uncertainty of 
0.0008 when excluding the four worst cases. 

2.2. Optical imaging 

Two of our main goals are to constrain the luminosity function 
and the color-magnitude red sequence of the groups. To do this, 
we determined a membership criterion for faint galaxies. Our 
spectroscopic catalogs are far from complete at these magni- 
tudes and we have to use photometric techniques such as pho- 
tometric redshifts, color-magnitude relations or field statistical 




6000 7000 
Lambda 



Fig. 2. Response functions of the used filters. The continuous 
thick black line gives the OHP T120 CCD response function. 
SDSS filter response functions (dotted curves) are given in ar- 
bitrary units. 

comparisons. The first step toward this goal is to obtain suffi- 
ciently deep photometric catalogs for the considered groups. 

In this framework and to complement the u', g', r', 
i', and z' SDSS images, we obtained images of IRXS 
J2358 14.4+ 150524 (a single field in the Rc filter) and 
NGC 6034 (a four field mosaic in the B and Rc filters) with 
the 1.2m OHP telescope. We also obtained multiband single- 
field images with the same telescope (OHP v, B, V, g, Rc, r, Ic 
filters, see http://www.obs-hp.fr/guide/camera- 120/ubvri^^mJ 
Cousins 1973, 1974, Thuan & Gunn 1976, and Schneider et 
al. 1983) with similar depth for RX Jl 119.7+2126 (B and 
Rc-band data were already presented in Adami et al. 2007b). 
Images were taken with the T120 1024x1024 CCD camera and 
were observed under typical seeings between 2.5 and 3 arcsec. 
Details of the observations and of the SDSS images are given 
in Table[3] We also show in Fig.|2]the response functions of the 
selected filters. 

These data map squares of ~ 2.0 x 2.0, ~ 0.8 x 0.8, 
and ~ 0.8 x 0.8 Mpc^ for IRXS J2358 14.4+ 150524, RX 
Jl 1 19.7+2126, and NGC 6034, respectively. 

We computed virial radii for the three groups from the 
Carlberg et al. (1997) formula, selecting as group members 
the galaxies in the [0.059, 0.06134] redshift interval for RX 
J1119.7+2126, in the [0.17, 0.185] and [0.177, 0.181] red- 
shift intervals for IRXS J235814.4+150524, and in the [0.032, 
0.037] redshift interval for NGC 6034. 
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Table 3. Imaging observations. Col. 1 : group name, col. 2: band, col. 3: total duration of the summed exposures (when OHP data), 
col. 4: number of different fields on the same target (when OHP data), col. 5; seeing, col. 6: zero point shift when computing 
photometric redshifts. 



Name 


Filter 


Exposure time 


Number of fields 


Seeing 


ZP shift 






(s) 




(arcsec) 


(mag) 


NGC 6034 


u' 


- 


- 


1.4 


-0.15 


NGC 6034 


B 


3600 


4 


2.8 


0.01 


NGC 6034 


g' 


- 


- 


1.4 


-0.03 


NGC 6034 


Rc 


1800 


4 


2.4 


0.02 


NGC 6034 


r' 


- 


- 


1.4 


-0.19 


NGC 6034 


i' 


- 




1.1 


-0.01 


NGC 6034 


z' 


- 


- 


1.3 


-0.04 


IRXS J2358 14.4+ 150524 


u' 


- 


- 


1.1 


-0.02 


IRXS J2358 14.4+ 150524 


g' 


- 


- 


1.1 


0.06 


IRXS J2358 14.4+ 150524 


Rc 


4500 


1 


2.8 


-0.11 


IRXS J235814.4+150524 


r' 


- 


- 


1.1 




IRXS J235814.4+150524 


i' 


- 


- 


1.2 


-0.22 


IRXS J235814.4+150524 


z' 






1.2 


-0.09 


RXJl 119.7+2126 


u' 






1.4 


0.08 


RXJl 119.7+2126 


V 


49230 


1 


2.7 


0.00 


RXJl 119.7+2126 


B 


10800 


1 


3.0 


0.00 


RXJl 119.7+2126 


g 


18000 


1 


2.5 


-0.04 


RXJl 119.7+2126 


g' 






1.8 


-0.15 


RXJl 119.7+2126 


V 


7200 


1 


3.1 


0.06 


RXJl 119.7+2126 


Rc 


4500 


1 


2.1 


0.29 


RXJl 119.7+2126 


r 


10800 


1 


2.3 


0.30 


RX J1119.7+2126 


r' 






1.7 


-0.08 


RX J1119.7+2126 


Ic 


7200 


1 


3.4 


-0.05 


RX J1119.7+2126 


i' 






1.4 


-0.18 


RXJl 119.7+2126 


z' 






1.3 


-0.11 



- The virial radius for IRXS J2358 14.4+ 150524 was then 
estimated to be 0.58 or 1.31 Mpc (see below), so our images 
radius samples at least 76% of the virial area. 

- The virial radius for RX Jl 1 19.7+2126 was estimated to 
be 0.72 Mpc, so our images radius reaches about 0.56 times the 
virial radius. 

- The virial radius for NGC 6034 was estimated to be 0.71 
Mpc, so our images radius reach about 0.56 times the virial 
radius. 

In any case, the spatial area of interest (half the virial radius, 
following Jones et al. 2003) was covered for all three groups. 

Data reduction was made with the MIDAS, Scamp, and 
Swarp (Berlin et al. 2002, Berlin 2006) packages in the same 
way as in Guennou et al. (2010). The resulting internal as- 
trometric error is about 0.6 arcsec, well below the seeing of 
the considered images. Images in different bands were aligned 
at the pixel scale and object catalogs were extracted with 
SExtractor (Berlin & Arnouts 1996) in double image mode. 

2.2.1. Star-galaxy separation 

To distinguish between stars and galaxies, we used the plot 
of central surface brightness versus total magnitude shown in 
Fig. [3j which shows the data from the g' band SDSS images. 
This is an improvement on the results of Adami et al. (2007b) 
because OHP data were not very well adapted to perform star- 
galaxy separation because of poor seeing. 



Fig. 3. Central surface brightness versus total magnitude for the 
NGC 6034 field in the g' band. Red dots are assumed to be 
galaxies and black dots are stars. 

We were then able to efficiently distinguish galaxies from 
stars down to g'=20.4 (see Fig.[3]for NGC 6034). We assumed 
that all fainter objects were galaxies, according to the results of 
Adami et al. (2007b). 

2.2.2. Completeness of the catalogs 

The completeness levels of the B and Rc imaging data were 
already given in Adami et al. (2007b). We show in Figs.|4]|5] 
and |6] the magnitude histograms of all available images. The 
adopted magnitude limits are also shown in the Rc band. This 
limit was computed considering the position of the peak of the 
magnitude histogram in each band, translating the value into 
the Rc band using the mean color, and setting the magnitude 
limit to that imposed by the shallowest band (most of the time 
u' SDSS). 

2.2.3. Photometric redshifts 

One of the primary technical goals of the paper was to compute 
photometric redshifts for galaxies along the lines of sight of 
the considered groups of galaxies. This technique of defining 
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Fig. 4. Galaxy magnitude histograms from available images for 
NGC 6034. The adopted magnitude limit in the Rc band is 
shown. 




u' SDSS g' SDSS r' SDSS 

Fig. 5. Galaxy magnitude histograms from available images for 
IRXS J235814.4+150524. The adopted magnitude limit in the 
Rc band is shown. 

a structure population with photometric redshifts is becoming 
common (e.g. Adami et al. 2008) but this is one of the first 
times to our knowledge that it is applied to fossil groups. 

We could have directly used SDSS public photometric red- 
shifts. However, these photometric redshifts are only based 
on a five-band survey and the number of available spectro- 
scopic redshifts to check and adjust the photometric redshift 
values is quite limited in this survey for the presently consid- 
ered areas, especially toward faint magnitudes. This is why 
we collected data both in additional photometric bands and 
deep spectroscopy. This gave us a six band coverage for IRXS 
J235814.4-H150524, seven band for NGC 6034, and twelve 
band for RX J1119.7H-2126. We note that the OHP R band 
data for IRXS J235814.4+150524 were observed under vari- 
able sky conditions and calibration remained uncertain. We 
therefore chose to not use them when computing photomet- 
ric redshifts. We then used the Le Phare code (e.g. Ilbert et al. 
2006). Briefly, this photometric redshift code is able to com- 
pare observed magnitudes with predicted ones created by tem- 
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Fig. 6. Galaxy magnitude histograms from available images for 
RX Jl 1 19.7+2126. The adopted magnitude limit in the Rc band 
is shown. 

plates from the literature. We then selected the CE templates 
(see Arnouts et al. 1999) when computing simple photometric 
redshifts. In addition to the photometric redshifts, this gave us 
an estimate of the galaxy photometric type through an integer 
number between 1 and 66. In the present paper, the interval 
1-20 was assigned to early-type galaxies (elliptical galaxy 
templates), 20 - 35 to early-spiral galaxies (Sbc galaxy tem- 
plates), and 35 - 66 to late-spiral galaxies (Scd and Irr galaxy 
templates). We also selected the Bruzual & Chariot (2003, 
BC03 hereafter) templates to compute stellar population ages 
for galaxies with available spectroscopic redshifts. Finally, we 
adopted the Calzetti & Heckman (1999) extinction law. 

Le Phare was also able to estimate possible shifts in pho- 
tometric band zero points, by comparing the photometric and 
spectroscopic redshifts used for training sets. Shifts were com- 
puted fixing photometric redshifts to the spectroscopic values 
and averaging the residuals in each of the bands. This technique 
is crucial when using photometry from observatories where the 
sky conditions are not always very good. We list these shifts in 
Table[3] They allow us to take into account internal photometry 
inhomogeneities between different bands. 

Fig.|2]shows the resulting comparisons between photomet- 
ric and spectroscopic redshifts for the three groups. Given the 
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spectroscopic catalogs we collected for our clusters (see Fig. [13] 
with measured galaxies down to Rc~17.5 for NGC 6034 and 
down to Rc~21 for the two fossil groups). Fig. [T] gives a 
relatively good knowledge of the quality of our photomet- 
ric redshifts over nearly the entire useful magnitude range. 
The typical dispersions in the photometric/spectroscopic red- 
shift relations are 0.13 for IRXS J235814.4+150524, 0.1 for 
RX J1119.7H-2126, and 0.06 for the NGC 6034 group when 
excluding the cluster redshift interval. We define in Fig. Q 
the optimum photometric redshift intervals excluding as many 
field (fore- or back-ground) galaxies as possible and keep- 
ing as many structure galaxies as possible. The intervals are 
[0.13, 0.3] for IRXS J235814.4+150524, [0., 0.095] for the 
NGC 6034 group, and [0., 0.1] for RX 11119.7-^2126. These 
intervals are shown in Fig.Qon the vertical (photometric red- 
shifts) and horizontal (spectroscopic redshifts) axes. On the 
vertical axes, they show the selection we applied to the photo- 
metric redshift catalogs. On the horizontal axes they illustrate 
that we still consider a few galaxies as group members that are 
fore- or back- ground objects on the basis of their spectroscopic 
redshift. 

The spectroscopic catalogs allow us to estimate that we lose 
~40% of structure galaxies in this way and that we only include 
-10% of field galaxies in IRXS J235814.4-H150524. The per- 
centage of lost structure members is important, but ~80% of 
these lost galaxies are late-type objects. This means that we 
are able to distinguish efficiently between early-type galaxies 
that lie inside and outside of the [0.13, 0.3] redshift interval 
for IRXS J235814.4-I-150524. This tendency to have degraded 
photometric redshift estimates for relatively bright cluster late- 
type galaxies was akeady shown in Guennou et al. (2010) and 
is probably caused by a lack of literature late-type templates 
adapted to high-density environments. 

For the NGC 6034 group, we also lose ~30% of structure 
galaxies and include ~10% of field galaxies. Similarly to IRXS 
J235814. 4-1-150524, all lost galaxies are late-type objects, so 
we are able to efficiently distinguish between early-type galax- 
ies that lie inside and outside of the [0., 0.095] redshift interval 
for the NGC 6034 group. 

It is not possible to reliably estimate the percentages of 
lost structure galaxies and included field galaxies for RX 
Jl 1 19.7+2126, because of the few spectroscopic redshifts ly- 
ing inside the structure, so we chose the same limitations as for 
NGC 6034. This proved to give consistent results when com- 
puting luminosity functions estimated with photometric red- 
shifts and with statistical subtraction techniques. 
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Fig. 7. Spectroscopic versus photometric redshifts for the 
NGC 6034 group (top), the IRXS J2358 14.4+ 150524 fossil 
group (middle), and the RX Jl 119.7+2126 fossil group (bot- 
tom). Red dots are early-type galaxies, while blue dots are spi- 
ral galaxies (see text). The inclined lines show the perfect re- 
lation and its ±0.125 Icr uncertainty. We also show the region 
chosen as the "structure" redshift range. 



3. Nature of the studied groups 

The first question is to know if we are indeed dealing with fossil in the literature, two group member galaxies are less than 2 

groups in our sample, since partial data can sometimes lead to magnitudes fainter than NGC 6034 and are located at 185 and 

wrong interpretations of the nature of a given group. For exam- 352 kpc from this galaxy. Lopes de Oliveira et al. (2010) es- 

ple, NGC 6034 was claimed to be a fossil group by Yoshioka timated the virial radius of this group to be 940 kpc. The two 

et al. (2004). However, considering new optical data. Lopes de mentioned galaxies are therefore inside half the virial radius. 
Oliveira et al. (2010) showed that this group was not a member RX Jl 1 19.7+2126 was classified as a fossil group by Jones 

of the fossil class. et al. (2003). The spectroscopic data of the present paper, al- 

We first confirm that the NGC 6034 galaxy is not associ- ready partly used in Adami et al. (2007b), show that besides 

ated with a fossil group. From available spectroscopic redshifts the dominant galaxy, the second brightest galaxy member of 
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the group and within a circle of radius 360 kpc is 2.53 magni- 
tudes fainter in the R band. There is only one galaxy less than 2 
magnitudes fainter than the dominant galaxy, without spectro- 
scopic redshift, which is potentially a group member from pho- 
tometric redshift results. This galaxy is 1.94 magnitude fainter 
than the dominant galaxy and is outside half the virial radius 
of the group. Finally, the X-ray luminosity is high enough to 
classify RX Jl 1 19.7+2126 as a fossil group following Jones et 
al. (2003). 

IRXS J235814.4-H150524 is luminous enough in X-rays 
(Santos et al. 2007) to be potentially considered as a fossil 
group. The velocity dispersion of this group is at most 578 km/s 
considering our spectroscopically measured galaxies between 
z=0.17 and 0.185 (or 254 km/s when considering galaxies be- 
tween z=0.177 abd z=0.181). With the virial radius definition 
of Carlberg et al. (1997), this corresponds to 1.31 Mpc. With 
the spectroscopic catalogs in hand, there are only two group 
member galaxies in the available field of view that are less than 
two magnitudes fainter than the dominant galaxy. The second- 
brightest galaxy in our field of view is at 1.015 Mpc from the 
dominant galaxy; it is therefore beyond half the virial radius 
and cannot be used to invalidate the fossil nature of the con- 
sidered group following Jones et al. (2003). The third-brightest 
galaxy of RXJ2359 is very close to the central galaxy and the 
magnitude difference between these two galaxies is 1.8 magni- 
tudes in the Rc band. 

From the photometric redshift catalog, there are three po- 
tential group member galaxies in the available field of view 
which are less than two magnitudes fainter than the dominant 
galaxy. The second brightest of these galaxies is not a member 
galaxy (this galaxy has a spectroscopic redshift outside of the 
group). The two next galaxies are at more than 750 kpc from 
the dominant galaxy and are therefore beyond half the virial 
radius. 

At the end, only the third brightest galaxy in the spec- 
troscopic sample is bright and close enough to the dominant 
galaxy to violate the fossil group definition. However, given the 
difference of nearly two magnitudes, we can say that RXJ2359 
is very close to the fossil group status from the Jones et al. 
(2003) definition (see also Section 5.5 of the recent paper by 
Proctor et al. 2011). 



® 
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Fig. 8. Map of the large-scale environment of the IRXS 
J235814.4+150524 fossil group (blue disk). Black dots are 
the known galaxies within the redshift range [0.16;0.195]. The 
black circle shows the only galaxy less than two magnitudes 
fainter than the dominant galaxy. Red circles are the known 
compact galaxy structures (groups or clusters) in the same red- 
shift range. Units of the figure are decimal degrees relative to 
the group center. 

the considered condition to be only fainter than the domi- 
nant galaxy). As demonstrated in Adami et al. (2007b), this 
probably means that IRXS J2358 14.4+ 150524 is the domi- 
nant structure in this region and that the ten compact galaxy 
structures detected are probably very low mass systems. IRXS 
J2358 14.4+ 150524 is therefore not acting as a negligible 
system in its cosmological bubble, as was the case for the 
NGC 6034 group, which is minor compared to the giant clus- 
ters in its vicinity. 

We conclude that the fossil group IRXS 
J2358 14.4+ 150524 is only embedded in a relatively dif- 
fuse environment, therefore not providing many infalling 
galaxies. 

5. Small-scale properties of the groups 

We will now investigate the properties of the faint galaxy pop- 
ulations of the present group sample. 



4. Large-scale environment of the fossil groups 

On the one hand, we have already shown in Adami et al. 
(2007b) that RX Jl 119.7+2126 is very isolated from the cos- 
mic web. On the other hand. Lopes de Oliveira et al. (2010) 
showed that NGC 6034 is highly connected to the cosmic web 
with at least twelve clusters of galaxies at similar redshifts in a 
two-degree field. 

Fig. [8] shows the large-scale environment of the IRXS 
J235814.4+150524 fossil group in a -50 Mpc area. We first 
note that ten compact structures of galaxies (groups or clus- 
ters from NED) are known in this area in the redshift range 
[0.16;0.195]. IRXS J2358 14.4+ 150524 is therefore much less 
isolated than RX Jl 1 19.7+2126. However, only one galaxy in 
this area is less than two magnitudes fainter than the domi- 
nant galaxy of IRXS J235814.4+150524 (so even fainter than 



5.1. Spatial distributions of tlie group members 

Lopes de Oliveira et al. (2010) showed density contours of 
the likely members of the NGC 6034 group in their figure 3. 
However, this plot is probably partially polluted by field galax- 
ies. Here, we selected likely group members by considering 
only galaxies with photometric redshifts inside the intervals de- 
fined earlier. As stated before, this will mainly give the distri- 
bution of the early-type galaxies of the group, since we lose a 
considerable part of the late-type galaxies. We also note that 
several field galaxies will still be included in the group popu- 
lation because photometric redshifts are not as precise as spec- 
troscopic ones. However, following Ilbert et al. (2005), we es- 
timated that this contribution is small for the three considered 
groups (less than one galaxy per half magnitude and per deg^). 
We then computed a galaxy density map from this sample with 
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Fig. 9. Adaptative kernel galaxy density map of galaxies with 
photometric redshifts lower than 0.095 along the NGC 6034 
line of sight (blue contours). The first contour corresponds to 
the mean galaxy density value over the field of view, and the 
last contour to the maximal value. The size of the image is 
20x20 arcmin^. North is up and east is to the left. Red cir- 
cles are galaxies with a spectroscopic redshift inside the group 
(small and large circles are galaxies with mean stellar popula- 
tion younger and older than 10'" yr). White squares are galax- 
ies with spectroscopic redshift outside the group. Green lines 
represent the directions to the closest galaxy clusters (see Lopes 
de Oliveira et al. 2010). 

Fig. 10. Adaptative kernel galaxy density map of galaxies with 
photometric redshifts in the [0.13, 0.3] redshift interval along 
the IRXS J235814.44-1505241ine of sight (blue contours). The 
first contour corresponds to the mean galaxy density value over 
the field of view, and the last contour to the maximal value. The 
size of the image is 11.6x11.6 arcmin^. North is up and east 
is to the left. Symbols are the same as in Fig. |9l Green lines 
represent the direction of the closest known compact structures 
of galaxies from NED. 

an adaptive kernel code as described in Adami et al. (2007a). 
The result is shown in Fig. |9] We clearly see the main part of 
the structure as well as a north-east extension correlated with a 
relatively bright galaxy (a group member) and in the direction 
of the Abell 2151 complex. These results are consistent with 
the picture drawn by Lopes de Oliveira et al. (2010) in which 
the NGC 6034 group is part of a larger complex that includes 
several clusters of galaxies. 

Fig.[TO]shows the galaxy density map for galaxies with pho- 
tometric redshifts in the z=[0.13, 0.3] range along the IRXS 
J235814. 4-1-150524 line of sight. Once again, we clearly detect 
the core of the fossil group. Density contours are less extended 
than for the NGC 6034 group but seem to show a south exten- 
sion nicely correlated with the direction of three close compact 
galaxy structures. We therefore at least partially confirm the re- 
sults of the previous section: IRXS J235814.4+150524appears 
to be a relatively isolated structure, but with a clear signature 
of the surrounding cosmic web. 

We already computed a member galaxy density map for 
RX Jl 119.7-1-2126 in Adami et al. (2007b) based on a (B-Rc) 
color selection. We present here the new results based on the 
12-band photometric redshift analysis (Fig. fTTI) . The density 
map computed here is very similar to Fig. 6 of Adami et al. 
(2007b), also showing the north and east concentrations, which 
confirms that the immediate vicinity of the dominant galaxy is 
strongly depopulated in terms of galaxies. 

To confirm the isolation status of the fossil groups com- 
pared to the NGC 6034 group, we also searched for recent in- 
falling activity through substructure analysis. This is not possi- 
ble for RX Jl 1 19.7H-2126 because we have detected only five 
spectroscopic members. For IRXS J235814.4+150524, which 
is not very massive and is the dominant structure of its area (see 
previous section), we expect to find only minor substructuring. 



Fig. 11. Adaptative kernel galaxy density map of galaxies with 
photometric redshifts in the [0.,0.1] redshift interval along the 
RX Jl 1 19.7H-2126 line of sight (blue contours). The first con- 
tour corresponds to the mean galaxy density value over the field 
of view, and the last contour to the maximal value. The size of 
the image is 11.5x11.5 arcmin^. North is up and east is to the 
left. Symbols are the same as in Fig.|9l The fossil group main 
galaxy is at the image center. 

indicative of a weak infalling activity. We performed a Serna- 
Gerbal substructure search (Serna & Gerbal 1996) on the spec- 
troscopic catalog of IRXS J235814.4-I-150524 and detected no 
substructure. With the available spectroscopic catalog, major 
substructures should be detected if present (see e.g. Adami et 
al. 2011). As a comparison, we detected a potential substruc- 
ture in the NGC 6034 group with an estimated virial mass of 4 
10'~ Mq, typically one tenth of the mass of the parent group it- 
self (see Lopes de Oliveira et al. 2010). The main galaxy of this 
substructure is the central galaxy of the secondary peak located 
northeast of Figs. |9] The NGC 6034 group therefore seems to 
have accreted a very small group coming from the surrounding 
cosmic web, while IRXS J235814.4-H150524 does not show a 
similar behavior. 

The photometric redshift computation process also pro- 
duces estimates of the photometric type of the galaxies, as al- 
ready stated. Keeping in mind that we are dealing with cata- 
logs of potential structure members biased toward early-type 
galaxies, we computed galaxy density profiles for the consid- 
ered groups as a function of galaxy type (Fig.[T2li. Since galaxy 
density contours in Figs. |9] and [TO]are relatively concentrated 
and isotropic, we computed numbers of galaxies within annuli 
for these two groups, limiting the galaxy samples to a common 
absolute magnitude value given by the shallowest data. Only 
galaxies brighter than Mrc - -16.85 were kept. 

Fig. [H] shows that the NGC 6034 and IRXS 
J2358 14.4+ 150524 groups show similar galaxy density 
profiles with similar density values. There is one main dif- 
ference, however: while 1RXSJ235814.44-150524 basically 
shows a flat profile close to the center, NGC 6034 is more 
cuspy, mainly because of elliptical-like galaxies. 

These possible tendencies are not taking into account 
magnitude effects, however We therefore compute the color- 
magnitude relations and the luminosity functions of the three 
groups. 

5.2. Color-magnitude relations 

Color-magnitude relations (CMR hereafter) are very useful to 
sample galaxy populations, in particular since cluster early- 
type galaxies most of the time exhibit a red sequence (RS here- 
after) that is characteristic of their evolution (e.g. Kodama & 
Arimoto 1997). We already showed such RS in the CMR of 
RX Jl 1 19.7H-2126 in Adami et al. (2007b), based on statistical 
arguments, and a similar RS was also detected in the NGC 6034 
group by Lopes de Oliveira et al. (2010). We show in Fig.[T3]the 
color-magnitude relations of the three groups computed with 
the present data. RS are discernable in the three cases, confirm- 



10 



Adami et al.: Comparison of the properties of two fossil groups of galaxies with the normal group NGC 6034 



500 

Radius (kpc 



500 

Radius (kpc) 



Fig. 12. Galaxy density profiles of elliptical (red dots), early 
spiral (green dots), and late spiral (blue dots) galaxies for 
NGC 6034 (top) and IRXS J2358 14.4+ 150524 (bottom). Bin 
size for the two figures was 90 kpc. 



ing that we are probably dealing with sufficiently old structures 
that had time to assemble an old and early-type galaxy popula- 
tion. 

5.3. Galaxy luminosity functions of the fossil groups 

We know that fossil groups only have a faint galaxy population 
(at least two magnitudes fainter than the brightest object) in 
addition to their brightest galaxy. The previous section consid- 
ered galaxies in the whole observed area. To check whether the 
considered fossil groups in the present paper include galaxies 
in the dwarf regime or not, we now compute luminosity func- 
tions in half the virial radius. This is the area where faint galaxy 
populations could be the most affected. 

To compute luminosity functions in the Rc band for the 
three groups, we first considered the photometric redshifts to 
define the group membership, as we did for Coma (Adami et al. 
2008). Briefly, the photometric redshifts were used to remove 
as many field galaxies as possible (with the limitations quoted 
in the previous section). This was mainly efficient for early- 
type galaxies. Then, we statistically subtracted the field lumi- 
nosity function in the same band and in the considered volume 
with the llbert et al. (2005) estimates. We show the results in 
Fig. [14] On the one hand, we confirm the lack of faint galaxies 
in IRXS J235814.4+150524; we may have reached the lumi- 
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Fig. 13. Color-magnitude relations for NGC 6034 (top), IRXS 
J235814.4+150524 (middle), and RX Jl 1 19.7+2126 (bottom). 
Dots: all galaxies detected along the lines of sight. Filled cir- 
cles: galaxies spectrocopically classified as group members. 
Open circles: galaxies that potentially are members of the 
group from their photometric redshift. The blue crosses (mid- 
dle and lower figures) are potential group members (from pho- 
tometric or spectroscopic redshifts) less than two magnitudes 
fainter than the dominant group galaxy but which are more dis- 
tant than half the virial radius from the group center. They are 
therefore no indrance to classify the group as a fossil structure. 
The red lines are the mean red sequences computed selecting 
spectroscopic group members and potential members through 
photometric redshifts. 



nosity function turnover of this structure. On the other hand, the 
luminosity functions of the NGC 6034 and RX Jl 1 19.7+2126 
groups have more regular shapes down to the completeness 
level, with a relatively flat slope, if we except the expected dip 
between the dominant and the second-brightest galaxy for RX 
J1119.7+2126. 

Given the effects that are sometimes important for galaxy 
photometric type selection on the membership criterion, 
we also computed luminosity functions with other meth- 
ods. We first used the spectroscopic catalog for IRXS 
J2358 14.4+150524 assuming that no selection bias was present 
(this was not possible for RX Jl 119.7+2126 because of the 
few spectroscopic members). For a given magnitude interval 
(chosen to include at least ten galaxies with a spectroscopic 
redshift inside the galaxy structure), we computed the ratio be- 
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Fig. 14. Photometric redshift based Rc band galaxy luminosity Fig. 15. Statistically-subtracted Rc-band galaxy luminosity 
functions of NGC 6034 (top), IRXS J235814.4+150524 (mid- functions of NGC 6034 (top), IRXS J235814.4-I-150524 (mid- 
dle), and RX J1119.7H-2126 (bottom). The black lines are the die), and RX J1119.7-F2126 (bottom). The black lines show 
mean luminosity functions of the M^. intervals [-22.5, -16.] the mean luminosity functions in the Mfo. intervals [-21, -18.] 
(NGC 6034), [-22.5, -19.] (IRXS J235814.4-H150524), and [- (NGC 6034) and [-22., -19.] (IRXS J2358 14.4+ 150524). The 
21.5,-15.25] (RX Jl 1 19.7+2126]. The red lines are the adopted red lines are the adopted completeness levels. The blue crosses 
completeness levels. The blue crosses are from the spectro- are from the spectroscopic catalogs, 
scopic catalogs. 



tween the group spectroscopic members and the field galax- 
ies. We then applied this ratio to the photometric catalogs. 
This allowed us to put a few spectroscopic -based points in 
Fig. [14] These points are within the error bars of the photomet- 
ric redshift-based galaxy luminosity functions. However, spec- 
troscopy is not always deep enough to sample the faint magni- 
tude regime. We therefore also computed luminosity functions 
with a pure statistical approach. We statistically estimated the 



back- and foreground contributions along the considered lines 
of sight with the comparison fields already used in Adami et al. 
(2007b). Since they were observed in sky regions of low extinc- 
tion with the same telescope, CCD, and Rc filter, they allowed 
us to statistically subtract field galaxies. Results are shown in 
Fig.[T5]for the Rc band. Despite the larger error bars, results are 
consistent with Fig.[T4]except perhaps for RX Jl 1 19.7+2126. 

The computed luminosity functions also allow us to com- 
pute the total R-band luminosity of the three groups. Simply 
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integrating the photometric redshift-based galaxy luminosity 
functions in the magnitude ranges considered in Fig. [14] and 
assuming L0r=4.62, we obtained the total R-band luminosities 
Usted in Table[T] It is interresting to note that RX Jl 1 19.7+2126 
has a very low optical luminosity which agrees well with the 
estimates of Jones et al. (2003). Moreover, we also see that 
NGC 6034 and IRXS J235814.4+150524have similar R-band 
(and X-ray bolometric) luminosities, even though one is a nor- 
mal group and the other is a fossil group. NGC 6034, how- 
ever, is a group with galaxies spread over a wide range of 
magnitudes, as opposed to IRXS J2358 14.4+ 150524, which 
shows the well known 2-magnitude gap after the group domi- 
nant galaxy, many relatively bright galaxies (Mr — 20) after this 
gap, and no galaxy members fainter than Mfi<-19. 

The last question we adress in this section is the relative 
contribution of the different galaxy photometric types to these 
luminosity functions. For example, we showed that in massive 
structures such as the Coma cluster, the faint parts of the lu- 
minosity functions were mainly populated by late-type objects 
(see Adami et al. 2007a). We detect a similar behavior for the 
groups (see Fig.[T6]l. Keeping in mind that we are dealing with 
catalogs of potential structure members biased toward early- 
type galaxies and despite the less efficient selection of group 
members for late-type galaxies, these galaxies are dominant 
compared to the early photometric types at the faintest mag- 
nitudes. 



5.4. Galaxy stellar population ages 

We confirmed in Adami et al. (2008) that short bursts of in- 
duced star formation in galaxies that are just enter to the poten- 
tial well of structures were likely to occur in Coma. Since fos- 
sil groups are expected to have typical X-ray gas contents, we 
should detect the same behavior We therefore computed these 
ages for the spectroscopic group member galaxy samples. By 
fixing the redshift to the spectroscopic value, we minimized the 
number of free parameters in the BC03 template fitting. Despite 
the limited samples, Figs.|9][l0l and [TTI seem to show that the 
galaxies with recent stellar populations are preferentially lo- 
cated in the group outskirts. 

For RX Jl 1 19.7+2126, there is one galaxy very close to the 
dominant galaxy that also shows a relatively young stellar pop- 
ulation (4 Gyr versus 1 1 Gyr for the dominant galaxy). This 
could be explained if this small galaxy already experienced 
close encounters with the dominant galaxy, which could have 
induced bursts of star formation. Another explanation would 
be that this galaxy is not dynamically linked to the group and is 
just a young group-passing-through object, although its spec- 
troscopic redshift (z=0.06134) is very similar to the group red- 
shift (z=0.061). 



6. Summary 

By gathering imaging and spectroscopic data from various 
sources, we have analysed the properties of three groups of 
galaxies. Our main results are the following: 



Fig. 16. Photometric redshift-based Rc band galaxy luminosity 
functions of NGC 6034 (top), IRXS J2358 14.4+ 150524 (mid- 
dle), and RX Jl 119.7+2126 (bottom). Red dots are for early- 
type or early spiral galaxies (types<34) and blue dots are for 
late spiral galaxies (types>35). 



- The large-scale environment of IRXS J235814.4+150524 
is quite poor and diffuse (even if its galaxy density map 
does show a clear signature of a surrounding cosmic web), 
and therefore cannot provide many infalling galaxies. RX 
Jl 119.7+2126 appears to be very isolated, as previously 
shown by Adami et al. (2007b). On the other hand. Lopes 
de Oliveira et al. (2010) have shown that the cosmic envi- 
ronment of NGC 6034 is very rich. 

- At the group scale, IRXS J235814.4+150524 shows no 
substructure and seems to have a flatter density profile in 
its center than NGC6034. RX Jl 119.7+2126 do not show 
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any galaxies present in the immediate vicinity of the domi- 
nant galaxy. 

- A red sequence is discernable for all three groups in a color- 
magnitude diagram. The luminosity functions derived with 
photometric redshift selection and with statistical back- 
ground subtraction show comparable shapes, and also agree 
with the few points obtained based on spectroscopic red- 
shifts. The two fossil groups show a dip after the dom- 
inant galaxy. Luminosity functions have a regular shape 
down to the completeness level for RX Jll 19.7+2126 and 
NGC 6034 with a nearly flat slope for the faintest mag- 
nitudes. There is clear lack of faint galaxies for IRXS 
J2358 14.4+ 150524 for the faintest magnitudes. This agrees 
well with the slightly decreasing luminosity functions of 
Proctor et al. (2011) at Mr>-20 when considering areas in- 
side half the virial radius. The faint parts of the luminos- 
ity functions of our two fossil groups finally appear domi- 
nantly populated by late-type galaxies. 

- Galaxies with recent stellar populations seem preferentially 
located in the group outskirts. This is expected if bursts 
of star formation occured when these galaxies entered the 
groups. 

- RX Jll 19.7+2126 is definitely classified as a fossil group; 
IRXS J2358 14.4+ 150524 also has properties very close to 
those of a fossil group, while we confirm that NGC 6034 is 
a normal group. 
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Appendix A: Spectroscopic redshifts 

This section gives the measured spectroscopic redshifts for 
the three groups (Tables \AA\ ??, and ??) and a 

typical spectrum for the bright galaxies of the wide study 
of the neighborhood of IRXS J2358 14.4+ 150524 (2MASX 
J23480439+ 1442557: Eig.|Al]). 
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Table A.l. Redshifts used for the deep study of the central area of RX Jll 19.7+2126. Cols. 1 and 2: J2000.0 coordinates of the 
object (in decimal degrees); col. 3; redshift (the number of significant digits depends on the spectrum quality, galaxies marked 
with a * are potential group members); col. 4: nature of the object (galaxy, active object, star); col. 5: source (TNG, NED). The 
typical uncertainty on non-literature redshifts is 0.001. Given the low signal-to-noise ratio of the TNG spectra, we chose to use 
mainly literature redshifts when available. We note that the group velocity dispersion was computed without the z=0.0565 galaxy. 



RA 


DEC 


z 


Nature 


Source 


169.86131 


21.43701 


0.362 


galaxy 


TNG 


169.87387 


21.44891 


0.261/0.261 


galaxy 


TNG/TNG 


169.88421 


21.46373 


0.2595 


galaxy 


TNG 


169.88604 


21.38743 


1.422 


active 


TNG 


169.88833 


21.46607 


0.28100 


galaxy 


NED 


169.89172 


21.40683 


0.3379 


galaxy 


TNG 


169.90656 


21.43067 


0. 


star 


TNG 


169.90868 


21.44097 


2.97 


active 


TNG 


169.90989 


21.39666 


0.3065 


galaxy 


TNG 


169.91870 


21.43216 


0.2755 


galaxy 


TNG 


169.92206 


21.45909 


0.361 


galaxy 


TNG 


169.92260 


21.46334 


0. 


star 


TNG 


169.92296 


21.42640 


0.4345 


galaxy 


TNG 


169.92513 


21.43622 


0.06134 * 


galaxy 


NED 


169.92680 


21.45457 


0.392 


galaxy 


TNG 


169.93159 


21.44756 


0.06055/0.0603/0.0603 * 


galaxy 


NED/TNG/TNG 


169.93549 


21.46902 


0.306 


galaxy 


TNG 


169.93623 


21.53648 


0.14058 


galaxy 


NED 


169.93633 


21.51504 


0.2275 


galaxy 


TNG 


169.93824 


21.51931 


0.22931/0.228 


galaxy 


NED/TNG 


169.94032 


21.50432 


0.153 


galaxy 


TNG 


169.94221 


21.42251 


0.3975 


galaxy 


TNG 


169.94622 


21.48221 


0.21409/0.2125/0.213 


galaxy 


NED/TNG/TNG 


169.96226 


21.51082 


0.0565 *? 


galaxy 


TNG 


169.96593 


21.51904 


0.405 


galaxy 


TNG 


169.96682 


21.50062 


0.08247/0.082 


galaxy 


NED/TNG 


169.96832 


21.41800 


0.1652 


galaxy 


TNG 


169.98881 


21.44085 


0.059 * 


galaxy 


TNG 


169.99585 


21.53157 


0.05976 * 


galaxy 


NED 


169.99891 


21.45859 


0.299 


galaxy 


TNG 


170.00296 


21.44578 


0.2095/0.2104 


galaxy 


TNG/TNG 


170.00600 


21.43058 


0.429 


galaxy 


TNG 
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Table A.2. Redshifts used for the wide study of the neighborhood of IRXS J235814.4+150524. Col. 1: NED galaxy name; col. 2: 
redshift; col. 3: SDSS r' magnitude; col. 4; instrument (Carelec, Boiler & Chivens or AFOSC); col. 5; exposure time. The typical 
redshift uncertainty for these galaxies is 0.0005 and the spectral resolution is 7 A/px. 



Name 


z 




r' 




Ins. 


Exp. time 
(hours) 


2MASX J23475868+ 1410367 


0, 


,0709 


15, 


.92 


Carelec 


1 


2MASX J23480439+ 1442557 


0, 


.1052 


16 


.16 


B&C 


1 


SDSS J234826.30+ 160113.7 


0, 


,0012 


14, 


.17 


Carelec 


1 


2MASX J23510162+1527106 


0, 


,2510 


15, 


.49 


AFOSC 


1 


2MASX J23530977+ 1503278 


0, 


,0786 


15, 


.53 


B&C 


2.5 


2MASX J23543897+ 1604501 


0. 


,0755 


16 


.06 


B&C 


2.5 


2MASX J23543994+ 1604561 


0. 


,0885 


15, 


.12 


B&C 


2.5 


2MASX J23551805+1531545 


0. 


,0747 


15, 


.98 


Carelec 


1 


KUG 2358+159 


0, 


,0440 


15, 


.87 


Carelec 


1 


2MASX J23582694+ 15 13586 


0, 


1527 


16 


.04 


AFOSC 


2 


2MASX J23592068+ 1440129 


0, 


,0928 


16 


.06 


AFOSC 


2 


2MASX J00001187+1405240 


0. 


1035 


15, 


.96 


Carelec 


1 


2MASX J00040323+ 1420083 


0. 


,0383 


15, 


.67 


Carelec 


1 


SDSS J000547. 13+ 160838.1 


0. 


1163 


16 


.02 


Carelec 


1 


2MASX J00061715+1354269 


0. 


,0757 


16 


.18 


AFOSC 


0.5 


2MASX J00075853+ 15 10533 


0, 


1131 


16 


.00 


Carelec 


1 



This figure "NGC6034density3.jpg" is available in "jpg" format from: 



http://arxiv.org/ps/1202.2022vl 



This figure "RXJ1119density3.jpg" is available in "jpg" format from: 



http://arxiv.org/ps/1202.2022vl 



This figure "RXJ2359density3.jpg" is available in "jpg" format from: 



http://arxiv.org/ps/1202.2022vl 



This figure "CMR2359.jpg" is available in "jpg" format from: 



http://arxiv.org/ps/1202.2022vl 



This figure "stargal6034.jpg" is available in "jpg" format from: 



http://arxiv.org/ps/1202.2022vl 



